We present results from time-series optical spectroscopy of the low-inclination, nova-like cataclysmic variable, V592 Cas. The data span the wavelength range from ∼4000 to 5000Å, and include Balmer lines (Hβ to H ) as well as He I and He II. The Balmer lines are generally characterized by shallow absorption troughs with superimposed narrower central emission components. The absorption troughs are variable on time-scales of at least ∼20 min, but the fluctuations are asymmetric such that they are more dominant on the blueward side of the profile out to ∼−2000 km s −1 . Fourier analysis reveals modulation periods for emission radial velocities and absorption changes of ∼0.114 and 0.103 d; we support earlier suggestions that the latter is likely to be 1-day alias of the former, which is essentially the system orbital period. However, there is a phase lag of ∼0.3 between absorption and emission changes. The Balmer absorption changes are compared to the predicted behaviour caused by the (stream overflowing) SW Sex phenomenon. There are several discrepancies in this scenario, including the highly asymmetric nature of blueward changes, the velocity amplitudes, and the phase relation to the emission changes. The role of a disc wind in V592 Cas is also discussed; in particular, with this data set, we cannot rule in or rule out the possibility that axisymmetry of the outflow is broken because it is seated on a warped/tilted inner disc, which is implied by previous evidence for negative superhumps in this system.
I N T RO D U C T I O N
Cataclysmic variables (CVs) are semi-detached binary systems where mass is transferred to a white dwarf (the primary star) from a late-type main-sequence star (the secondary star) through the inner Lagrangian point (once the secondary star evolves to fill its Roche Lobe). In non-magnetic systems, where the field strength of the primary is 10 5 G, the transferring mass forms an accretion disc in the orbital plane of the system. The observed orbital periods for CVs range from 80 min to 10 h, although only a few CVs have been observed with periods between 2 and 3 h, a range which is referred to as the period gap (e.g. Paczynski & Sienkiewicz 1983; Howell, Nelson & Rappaport 2001) .
Nova-like systems are a subclass of CVs with no recorded outbursts but which still show characteristics of other subclasses (such as classical and dwarf novae). Some of these systems possess relatively high but sustained luminosities, suggesting that they are in E-mail: dkw@star.ucl.ac.uk states of constant outburst, which are likely to result from high mass transfer rates.
V592 Cas is a low-inclination nova-like CV of subgroup UX UMa, whose members are characterized by the additional presence of broad absorption in their spectra. The system has an orbital period of 2.76 h, meaning that it is one of the relatively few systems inside the period gap. Photometrically, V592 Cas shows modulations a few percent shorter and a few percent longer than the orbital period (Taylor et al. 1998) . This 'superhump' behaviour is best explained as the beat between the orbital period and the precession of the accretion disc; either apsidal precession, where the modulation is slightly longer (a positive superhump), or nodal precesssion, where the modulation is slightly shorter (a negative superhump; see Patterson 1999) . Some fundamental parameters of V592 Cas are given in Table 1 .
Ultraviolet spectroscopy of CVs has shown (from P-Cygni profiles) that many drive outflows from their accretion discs (Drew & Verbunt 1985; Prinja & Rosen 1995; Knigge et al. 1997; Proga et al. 2002) . These winds are particularly clear in systems which are in a high state, such as nova-likes and dwarf novae (during their 
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(1) Taylor et al. (1998) , (2) Huber et al. (1998). outbursts). It is also interesting to compare CV disc winds to those observed in other accretion disc settings such as active galactic nuclei and young stellar objects. Fig. 1 is the ultraviolet spectrum of V592 Cas taken by the International Ultraviolet Explorer (IUE) in 1984. This spectrum is not unlike other UX UMa systems at low inclination, and the presence of the blueshifted absorption in the resonance lines provides the evidence that V592 Cas is driving an outflow with a maximum velocity of around 2500-3000 km s −1 . In this paper, we concentrate on the behaviour of the Balmer absorption, which has remained relatively unexplored despite being a significant component of the Balmer line profile. We present optical spectroscopic time-series data for V592 Cas taken at the end of 2001 October. The primary focus of this paper is to establish the variability characteristics of Balmer absorption and to contrast it against the core emission properties.
O B S E RVAT I O N S
This time series of optical spectra was taken with the 2.3-m Bok Telescope of the Steward Observatory, based at Kitt Peak National Observatory, USA. The observing run consisted of three consecutive nights running from 2001 October 23 to 25 UT, which will hereafter be referred to as nights 1 to 3, respectively. A Bollers and Chivens spectrograph was used with a grating of 1200 line mm −1 . Each spectrum was recorded using a 1200 × 800 pixel CCD with the dispersion axis parallel to the long axis of the CCD. The spectrograph slit was set to an angle of 1.5 arcsec, which was enough to cover most of the star, but loss of light at the edges means that photometric calibration is unreliable. The resulting spectra covers a range of approximately 3900 to 5000Å. This range includes: the key Balmer lines from Hβ to H ; He I lines at 4471 and 4922Å; and the He II line at 4686Å.
Each exposure lasted for 240 s. Between groups of five frames, an exposure was made of a He-Ar lamp for accurate wavelength calibration. From the three-night observing run, it was possible to produce 121 usable frames. The signal-to-noise ratio at the continuum was typically around 90 and the spectral resolution was ∼1.9Å.
The frames were reduced using IRAF 1 and the following analysis was implemented using both IRAF and IDL. Each extracted spectrum was wavelength calibrated using the appropriate arc-frames. The spectra were also corrected for heliocentric velocity, but not for systemic velocity. Nightly observations were made of the standard star Feige 110 for the purposes of photometric calibration. However, the significant loss of light either side of the spectrograph slit means that the accuracy of the flux levels is poor. Our results are based on continuum normalized data. Fig. 2 is the average of 121 flux-calibrated spectra from the 2001 October observing run (the key lines have been identified). Generally, the Balmer profiles in Fig. 2 are made up of a strong but narrow emission and a broad (possibly multi-component) underlying absorption. The two largest sources of Balmer emission in a non-magnetic CV are the accretion disc chromosphere and the shock-heated region of the disc where the accretion stream impacts (the bright/hot spot). There is also a possible contribution from the disc wind. The shallow absorption would come likely from the accretion disc, the white dwarf and a disc wind (see later). The He I λ4471 line also appears as an emission core in absorption, although at a far weaker level than the Balmer lines. The He I λ4922 and the He II λ4686 lines are both dominated by emission. Strong winds are thought to make significant contributions to the luminosity of the He II λ4686 line in the most luminous CVs, making them good diagnostics for disc outflows (e.g. Hoare 1994) . profile. In contrast, there is very little change in the strength of the redward absorption. Fig. 4 is a grey-scale representation of the time series, for the Hβ, He I 4922Å and He II 4686Å lines. To enhance the visualization of the variability characteristics, each spectrum was divided by the mean profile before being used to construct the image. In these representations, we find the amplitude of the activity much stronger in the Hβ and Hγ profiles than in either of the helium lines. In each night of the grey-scale representation, we see regions of reduced (black) and enhanced (white) flux, with respect to the mean. These regions appear to switch blueward and redward over the course of the nights.
T H E S P E C T R A

Overview
As already noted, the two largest sources of Balmer emission in a non-magnetic system are the accretion disc chromosphere and the bright spot. If the emission originated from the accretion disc, then we would expect it to be typically broad and double-peaked, although given the low angle of inclination, we would expect the separation of the peaks to be small (e.g. Horne & Marsh 1986) . If emission came from the bright spot instead, we would expect the profile to be narrow and to follow a sinusoidal path (or s-wave) in the velocity-time plane because of the binary motion of the system. In the spectrum of V592 Cas, we find that the latter represents the emission profile most clearly; therefore, the main source of Balmer emission is the bright spot, although the relatively low amplitudes we find for these sinusoids does conflict with this interpretation (see Section 3.3). It is likely that the disc also contributes to the measured emission line flux.
The grey-scale representations of the Hβ profile in Fig. 4 also reveal broad, blueshifted decreases in flux strength (bearing in mind that the plots in Fig. 4 were constructed by dividing each spectrum by the mean profile). Nights 1 and 3 both have one of these features (at times of roughly 0.11 and 2.05 d, respectively), but they are extremely weak. In night 2, there are two of these features (labelled a and b), which are relatively much stronger. The flux changes extend to a maximum velocity of ∼−3000 km s −1 ; at these velocities, the influence of the emission on the line profiles must be small (if not non-existent), so we conclude that these features are caused by an increase in absorption strength rather than reductions in emission.
Key issues are raised by the existence of these absorption features, as regards their origin, repeatability and blueward dominance. The absorption properties are addressed further in Sections 3 and 4.
Temporal variance spectrum
To quantify the line profile activity (e.g. In all three lines, we find that there is a significant level of variability close to the centre of the line profile (between ∼−1000 and ∼+1000 km s −1 ). We also find that the variance across the line core is double-peaked, although this is less clear for the helium lines than it is for the Hβ line. These double-peaks signal the s-wave motion of the emission profile. An important characteristic of the Hβ TVS profile is that the profile is not symmetric with respect to the line centre. Redward from the line centre, there is a very rapid decrease in the variance; towards the blue wing, the decrease in variance is more gradual. It is not unreasonable to assume that the emission only contributes significant levels of flux in the range of −500 to 500 km s −1 , and that beyond this range from the line centre the profile is dominated by the absorption. Therefore, we conclude that the asymmetric variance observed in Fig. 5 , extending to ∼−2000 km s −1 , originates from fluctuations in the absorption strength. These characteristics are discussed further in the following sections.
Radial velocity
Radial velocity measurements were taken of Hβ, Hγ and He I λ4922; unfortunately, the signal-to-noise of the individual spectra meant that radial velocity measurements of the Bowen blend at Comparison between a representative spectrum of the Hβ line and the profile fit obtained from the three Gaussian model described in Section 3.3. The solid line is the observation, the dashed line is the overall fit and the dotted line is the adopted broad underlying disc/white dwarf absorption, which is assumed to be constant for all fits.
4640Å, and of Hγ and He II at 4686Å, were not possible. Previous studies of V592 Cas (e.g. Huber, Howell & Ciardi 1998) have concentrated on the emission properties of the Balmer lines. In this study, we measure both the emission and the absorption.
Our inspection of individual profiles in the full-time series strongly suggests an empirical interpretation such that the Balmer line profiles of V592 Cas are composed of the following three principal components. (i) There is a broad, shallow absorption component which is likely to correspond to the optically thick disc or the white dwarf. Though this weak absorption component may be variable, the signal-to-noise of the individual spectrum in our data set is too weak to permit reliable and consistent measurements of the temporal behaviour of its velocity and strength. Therefore, we adopt as an approximation a constant underlying absorption profile (FWHM ∼ 2800 km s −1 , equivalent width ∼1.8Å and central intensity ∼−0.04). The profile (which is shown in Fig. 6 ) is based on the mean obtained from a dozen spectra, showing the weakest blueward (wind) absorption and essentially similar redward absorption. The two components below (which are our primary concern in this study) are variable in our modelling of the spectral lines of V592 Cas and, indeed, are more consistently matched as a result of the above approximation. The remaining two components are: (ii) a variable (in velocity and flux) emission component, perhaps arising from a hotspot or the accretion disc as a thermal wind emission source; and (iii) a variable disc-wind absorption component which extends shortward to Doppler shifted velocities of ∼−2000 km s −1 (the longward absorption wing is also likely to extend to redward velocities). The individual spectra in the time series were fitted with a three Gaussian (two variable and one fixed) least-squares model based on the above interpretation. The results from these fits to Hβ and Hγ are presented below (the signal-to-noise of the lower Balmer series was too poor for reliable results).
Central velocity measurements were also made of He I λ4922, by fitting a single Gaussian profile to the individual spectra. Although the He I line is not affected by variable absorption, it is very weak. So, to improve the signal-to-noise of the data and hence the accuracy of the measurements, spectra were co-added into time bins of 15 min; this time-bin size was a compromise between preserving the time resolution of the data and obtaining usable fits to the He I profile.
At this stage, it is important to remind ourselves of the published periods for V592 Cas. The orbital period derived by Huber et al. (1998) in the analysis of radial velocity measurements was 0.103 d. Similar analysis on a more extensive data set by Taylor et al. (1998) yielded an orbital period of 0.115 d. Note, however, that the beat period of the two periods is approximately 1 d, suggesting that one period is a 1-day alias of the other. We also remind ourselves that V592 Cas has been identified as a permanent superhumping system with simultaneous positive and negative superhumps, with periods of 0.1223 and 0.1119 d, respectively (Table 1) . Although the superhump periods have been classically discovered photometrically, the proximity of the negative superhump period to the two suggested orbital periods raises doubts as to whether we could determine, with confidence, modulation on the superhump period or the orbital period in our data set.
The Fourier transform was calculated for each set of velocities up to a frequency of 15 cycle d −1 (corresponding to a minimum period search of ∼1.6 h); the solid lines in Fig. 7 are the resulting dirty power spectra. Signals are present on both the 0.103 and 0.115 d periods in all three plots. There are no strong signals close to the positive superhump period, but the proximity of the negative superhump period to 0.115 d and the width of each signal means that one cannot tell easily whether a signal was present in that period.
Cleaning a dirty spectra (Roberts, Lehar & Dreher 1987 ) is useful in that it can remove many of the 1-day aliases, while leaving the true periodicities of a data set. However, the method is not without its flaws, and can also end up 'cleaning' those signals which represent real periodicities. Therefore, one must view a cleaned spectrum with much scepticism, and not without the original dirty spectrum. The cleaned spectra for the line-centre measurements are shown in Fig. 7 as dot-dashed lines; the gain was set to 0.2 for the cleaning algorithm. For He I, we find now that the signal at 0.115 d dominates the spectrum; the surrounding 1-day aliases have been significantly reduced in strength. In contrast, for Hβ absorption and emission, we find that the dominant signal is now at or around 0.103 d, with a much weaker signal still present at 0.115 d. point when the absorption reaches maximum blueward velocity. We note that, other than minor variations in the location of individual velocities, the two sets of plots look very similar and it is not possible to identify the correct orbital period from them. We do note, however, that Fig. 8 shows there to be a phase lag of ∼0.2-0.3 between He I and Balmer emission, and Balmer absorption. The Fourier spectra in Fig. 7 , and the radial velocity plots in Fig. 8 , suggest that this data set is not extensive enough to distinguish the true orbital period from the 1-day alias. Nevertheless, Taylor et al. (1998) did use a more extensive data set and the Monte Carlo test of Thorstensen & Freed (1985) , and found that the orbital period is most likely to be 0.115 d. The essentially emission-only He I λ4922 is the most appropriate spectral line in our data for a determination of the emission periodic behaviour. We could also argue that if the orbital period were truly 0.103 d, then the negative superhump period discovered by Taylor et al. (1998) would not be valid, although this is really a secondary argument.
A least-squares routine was used to find solutions for the radial velocities, of the form
where γ is the systemic velocity, K is the semi-amplitude velocity, p is the period and φ 0 is the epoch for phase 0.0. The relatively poor quality of the Balmer absorption radial velocity measurements meant that was fitted to the data using a fixed period (shown), derived from the weighted mean period of the He I, Hβ emission and Hγ emission fits.
will be adopted as the orbital period for the remainder of the paper. For Hβ and Hγ wind absorption, it was found that the relatively large error of the data meant it was not possible to fit the data with the period as a free parameter. Instead, the period was fixed to the mean weighted orbital period, derived above. In terms of velocity magnitudes, we do find some consistency between the two Balmer lines. The γ velocities are within 1-σ of each other and, although the K velocities are beyond 3-σ of each other and therefore statistically not of the same population, we still find that they are reasonably close. In comparing the Balmer lines to He I, we find that the discrepancy between the derived parameters increases; γ is not very close to that found for the Balmer lines, and the K velocity is approximately twice that found for Hβ and Hγ (this may signify a difference in origin for He I and the Balmer lines). It may be possible to explain some of these discrepancies by the method used to decompose the line profiles. For Balmer wind absorption, we find that both Hβ and Hγ give results within 1-σ of each other for γ and K velocities. As we would expect from what we observed in Figs 4 and 8, the amplitude of the derived velocities for the Balmer wind absorption is larger (approximately 5 times), than that observed for Balmer emission and He I. However, we should re-emphasize at this point that this reference to wind absorption is merely our parametrization/simplification of the bluewing absorption variability in terms of a Gaussian profile, which is unlikely to be its true morphology. Fig. 9 is a grey-scale representation of the Hβ (and He I λ4922), folded on a period of 0.1145 d and co-added into bins of width φ = 0.029. Phase 0.5 has been arbitrarily defined as the point where the absorption in the Hβ profile reaches a maximum blueward velocity. The velocity motion of He I λ4922 is clear and is in phase with the Hβ emission.
Absorption behaviour
We now see more clearly the sinusoid that the blue-wing of the absorption etches on the blue side of the line profile. Fig. 9 also provides confirmation of the phase lag (Fig. 8) between the emission and absorption components of Hβ; the emission (and He I) peaks in blueward motion at a phase of ∼0.2, whereas the absorption peaks at the (arbitrary) phase of 0.5. The figure also demonstrates more clearly the asymmetric motion of the overall absorption. In the bottom frame, we see that the red wing of the absorption does Figure 9 . A grey-scale representation of Hβ, folded on a period of 0.1145 d, placed into 35 bins and repeated for 2 cycles (the feature at ∼+3700 km s −1 is He I 4922). The bottom frame, spanning from phase 0 to 2, is the original data; the top frame, spanning from phase 2 to 4, is the residual data, where each spectrum has been divided by the mean. Phase 0.5 has been set to be the point where the absorption reaches its maximum blueward velocity.
appear to fluctuate in strength, but this fluctuation is not correlated with the blue-wing modulation. If the entire absorption profile were moving along a sinusoidal path, then we would expect this motion to be apparent on both sides of the profile. The absence of such a symmetry suggests that instead we are seeing a change in the blueward side of the profile only, and that the disc-wind absorption profile morphology is more complex than we have assumed. Note also that the two strong features noted for night 2 of the observing run (Fig. 4) do not appear distinct in Fig. 9 but fit within the overall cyclic absorption behaviour. These results are discussed further in Section 4. Fig. 10 is a two-dimensional representation of the Fourier power spectrum for the Hβ line. It was created by calculating the Fourier clean spectrum for each flux bin in velocity space and then representing this as an image where black regions represent a strong signal. Along the frequency axis either side of the line core, we find several peaks in the power spectrum, which are most likely to be aliases of the orbital period.
Along the frequency corresponding to a period of 0.114 d (approx. 8.8 cycle d
−1 ), we find a strong signal which extends from roughly −800 to around −2200 km s −1 , i.e. over the blueward wing of the absorption. On the redward side of the line profile, we find a similar story as before, in that we find a cyclic motion on the orbital period close to the line centre and therefore related to the motion of the emission. Further redwards (∼+500 to +2000 km s −1 ), where the line profile is mostly affected by disc or white dwarf absorption, we find little evidence of any cyclic change. Equivalent widths were measured over selected velocity ranges on both sides of the Hβ line profile; the equivalent width is used typically as a measure of the strength of an entire spectral line, but in this situation, we only use it as a measure of the relative strength of these two selected velocity ranges. The blue-wing bin covered a velocity range of −2500 to −1500 km s −1 and the red-wing bin covered a velocity range of 1500 to 2500 km s −1 . These two ranges were selected because, as stated in Section 3.2, we are reasonably confident that the emission profile contributes very little variable flux beyond 500 km s −1 from the line centre. The cleaned Fourier power spectrum of the blue-wing equivalent widths show strong signals close to frequencies corresponding to the orbital period (0.114 d) and its 1-day alias (0.103 d). Over the same frequency range, the cleaned power spectrum of the red wing does not appear to show any significant signal. Figure 11 . A plot of red absorption wing equivalent widths (1500 to 2500 km s −1 ) against the blue absorption wing equivalent widths (−2500 to −1500 km s −1 ). A linear correlation analysis reveals that there is a 92 per cent probability that the two sets of equivalent widths are uncorrelated (r = 0.075).
D I S C U S S I O N
We have presented optical time-series spectroscopy of V592 Cas and have studied the behaviour of the Balmer absorption specifically. We find that although the absorption and emission are both modulated on the same period (i.e. the orbital period), there is a phase lag between their modulations, of ∼0.3 of the orbital phase. We also find that rather than moving in an s-wave like the emission does, the absorption undergoes asymmetric broadening where just the blueward wing is modulated in such a manner. The maximum velocity of this blueward broadening is on the order of 2000 km s −1 , which is a factor of 20 larger than the maximum radial velocity amplitude for the emission.
So, where does this absorption come from, and why does it behave in this way? The SW Sex class of CVs provides one possible explanation for these characteristics. Originally created by Thorstensen et al. (1991) , the SW Sex class was based upon the following spectroscopic properties: eclipses, single-peaked lines, orbital periods between 3 and 4 h, strong He II 4686 emission (typically around half the strength of the Hβ emission) and absorption in the Balmer and He I line cores opposite the eclipse (otherwise known as phase 0.5 absorption). It was also suggested in Patterson et al. (2002) that the SW Sex phenomenon may be linked to nodal precession because many SW Sex stars possess signals related to the negative superhump period; nodal precession is currently a favoured explanation for negative superhumps (Harvey et al. 1995) . However, many other nova-like systems also possess negative superhump periods, so it would be impossible to classify a system based on this discovery alone.
Currently, the most successful explanation for the SW Sex star is that the accretion stream overflows the initial impact point, continuing over the accretion disc until it re-impacts closer to the white dwarf (Hellier & Robinson 1994) . The phase-dependent absorption is believed to originate from the free-falling accretion stream above the inner portions of the disc. The amplitude of the phase-dependent absorption in the high-inclination systems is typically of the order of 1000 km s −1 ; for low-inclination systems, the sin i effect means that this will be compressed to much lower amplitudes. For the low inclination systems, we would also expect the absorption to be present throughout the orbit because there is more disc to project against.
Some of the accepted characteristics of SW Sex stars (such as eclipsing) are dependent on the system having a high inclination angle, which we are confident that V592 Cas does not have. Recently, however, there have been a few systems with low inclinations which have been identified as SW Sex stars (such as V442 Oph: Hoard, Thorstensen & Szkody 2000 , LS Peg: Taylor, Thorstensen & Patterson 1999 and V795 Her: Dickinson et al. 1997 ) using some of these characteristics. In the spectrum of V592 Cas, we do see single-peaked emission, phase-dependent absorption and a period close to 3 h (∼2.75 h). However, the He II emission is not unusually strong for a nova-like CV, and the phase-dependent absorption is not within the core of the line, as you would expect for SW Sex stars. To summarize, we find that we cannot identify sufficient SW Sex characteristics in the spectrum of V592 Cas to class it as such, although it cannot ruled out completely.
A second plausible explanation for the blue-wing absorption in a low-inclination case is that we are observing the disc outflow, which is changing as the system rotates. Evidence for a disc outflow in V592 Cas already exists in the form of blueshifted absorption in the UV resonance lines (Fig. 1) . Phase-related changes to UV wind lines have already been observed in several other low-inclination systems, such as YZ Cnc, IR Gem, V3885 Sgr (Drew & Verbunt 1988; Woods et al. 1992 ) and V795 Her (Prinja, Drew & Rosen 1992; Prinja & Rosen 1993) , although not so far for V592 Cas. However, a problem arises in explaining the periodic modulation of the absorption. A modulation such as that observed would come most likely from a break in the axisymmetry of the wind. Below, we only speculate briefly as to how this break may be achieved.
As noted earlier, V592 Cas has been identified as a permanent superhumping system, and shows simultaneous positive and negative superhumps. Although negative superhumps have traditionally been detected photometrically, if this blueshifted absorption is somehow related to an outflow coming from the accretion disc and if the disc appears to be wobbling, we might expect to see evidence of the negative superhump period in our observations of the outflow (Prinja et al. 2003) . If the disc were wobbling, then we would expect the viewing angle through the wind to be changing slightly, and this would result in modulation of the wind on the superhump period; we have not detected this. However, given the close proximity of the negative superhump period to the orbital period (approximately 5 min), it is not possible to distinguish one period from the other unambiguously in our data set. The width of the power signals in the Fourier clean plots and temporal resolution of the data (the exposures lasted for 4 min) do not permit us to discriminate between the two frequencies. Resolving this issue requires a more extended data set.
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